There is an ongoing debate on the success of architectural software in meeting the designers ' 
Introduction

Aim
Architectural design process is concerned with the creation and representation of spaces. Architects have been using the paper-based techniques to can]' out this process until recent years. Then, with the introduction of the digital media [l] to architecture, they were given the option of using the digital work environment. This environment introduced the oppoirunity to create, manipulate and simulate the architectural space digitally. However, the environment, although being efficient and fast especially in the representation part of the design process, is considered to be unfamiliar to the way architects create. Thus, in spite of the fact that more architects and architectural firms get involved with computers eveiyday, a large number of them use the digital environment for representation purposes rather than creation.
Architects have not asked for an alternative design environment. They have been using the paper-based techniques fora long time and even the ability to use these techniques has become an indispensable pan of the profession. As the digital work environment was made available to the architects, they were impressed by the speed and ease provided by this environment especially for presentation. This has become one of the major reasons in the fast acceptance of the digital work environment to the profession. However, as the architectural software are developed by non-architects, the architects are bound to express their wishes and *Bilkent University, Faculty of Art. Design and Architecture, Depanoient of Interior Architecture and En~ironmental Design. 06523 Bilkent. hikara, Turkey. complaints only after the sofmare is produced, not during the production. Richens states the fact that the creativity shifts from the architect to the ones who write the standards, the databases and the engines to operate them [2] . Therefore, shonly after the emergence of the digital media in architecture, architects chose to employ them mainly for representing and simulating what has already been created (where they wereveryefficient) rather than for creating (where they found the digital environment 'unfamiliar'). We intend to find out how architects can get a hold of the emerging possibilities of the digital media and control the development according to their wishes instead of leaving the development in the hands of other professions.
Architects complain about not being able to be as free as they are with paper-based techniques while using the architectural software and many long for the strikes of the soft pencil [3] . To overcome these complaints that the architectural software are 'unfamiliar' to the way architects design, one major tendency is to force the architectural software to offer a work environment similar to that of the paper-based techniques. This is tried to be achieved by features like using pens as input devices, offering sketchy looking line quality, allowing file exchange benveen various software, integrating large libraries and increasing the menu choices. But then the software expand in such a manner that both the user ti?ing to see the composition of nvo basic geonietrical shapes and a second one making a lighting analysis of a space have to go through the same steps and have to input the same amount of data to perform their two veiy different tasks. As such, new complaints arise concerning the amount of time required to design [I], amount of time required to get used to the new additions and versions [j], amount of decisions to be given in the form ofdataeven at the initialstepsofdesign while using thearchitectural software.
In this study, we initially aim at showing that the potential of using the digital environment for creation in architectural design is more than the paper-based techniques. We argue that it is actually the paper-based techniques that senre more for representation than for creation in architectural design. As such. tiying to make the way we use the architectural software similar to the way the paper-based techniques reduces the sofnvare's potential for being used for creation.
We aim at increasing the efficiency and use of architectural space simulation software by decreasing the choices of the designer while using the software rather than increasing them. Maulsby observes that what users really want is more than an intelligent interface, it is an interface adapted to their own way of working. Because of the economies of scale, he states, nearly all systems have to be thought for the generic user [6] .
Within this framework, we aim at developing an interface system which will not be adapted to each user, but will allow each user adapt the software's menu options. In other words, the model is developed toallow the designer customize any architectural space simulation software according to the way he designs, so that he will not have to customize the way he designs according to the software.
!Methodology
Within this framework, we discuss that architectural design isa modeling process and architectural communication is its representation. We compare the potentials of both the paper-based and the digital media in architectural design and communication. Based on this discussion, we assen that the digital media are 'familiar' to the essence of design, this essence being the mental design model. So, to benefit the most from the digital media, insread of trying to bring its potential down to the level of paper-based techniques, architectural design must be re-defined in relation to the digital potential.
We then argue that the problem faced when using the architectuial sofnvare is not based on the lack of familiarity but rather on the lack of adequate interface design.
To form such an adequate interface, we initially re-define architectural means of communication in the Canesian space of the digital environment, freeing it from the domain of the paper-based techniques. As such, we obtain a space where we can determine the level of architectural communication which is applicable to the architectural software. Next, we have to allow the usertodefine thelevelwithin this space. But, instead of loading the user with such a burden, we form another Cartesian space to indicate the user's expectation from the architectural software. Consequently! our task of forming the interface model becomes a transformation of a given point in the usefs space to the digital space. We define a transformation between the two spaces and then test the possible cases and discuss the relevant implications.
The Concept of Modelling in Architectural and Design Communication
The Design Model in the Creation Process
We perceive, comprehend, implement and communicate with the environment via forming mental models of that environment. These models store the information about the environment and this information is referred to for purposes like evaluation, change. comparison an(! communication.
The design process, also, depends upon models loaded with various kinds of information (form, dimensions, relations, niateiials, colors, stmcture, etc. of space) about the design. The mental design model acquires three aspects. The first one is information processing [7] . The mental design model is a dynamic model, meaning that it is capable of updating itself if there happens to be a change in any of the data it contains.
The second one is interactivity. The model allows the designer to implement, change and make associations with other models if necessaiy. Sumner et.al. groups design problem-solving as the construction of partial solutions on the understanding of the current goals and specifications and evaluation of these solutions according to various criteria and constraints [B] . This process requires the designer to constantly nianipulate the mental design model and refine it by checking the aspects of the design versus each specification.
The third one of these aspects is time. Each architectural mass is based on a mental design model, i.e. it is the representation ofa mental design model. However, there are two major differences between the architectural product and its mental design model; the first one is the physical existence, the second is the factor of time [ 7 ] .
Architecturecan be defined in four dimensions. While the three ofthese make up the architectural volume, the fourth dimension, that of time, is concerned with the perception of the first three dynamically.
This latter dimension for any architectural building can be determined on a time coordinate that iuns parallel to history and can be naniedas the actual time coordinate (atc). On this coordinate, the architectural space is perceived dynamically, and lives through a life span where it is faced with issues like deterioration, maintenance, changes of use, and resroration [9] . This life span occupies a definite time period on the act.
On the other hand, any design model created to car17 knowledge about the future architectural building acquires two time coordinates. The first one is (again) the actual time coordinate displaying the time period when thedesign takes placeandisgenerally priorto [he lifespanofthebuilding. The second one is the virrual time coordinate offering virtual time periods for the design model to be tested, analped and relised, imitating the life span of the future building ( Fig. 1) [lo) . On this coordinate, not only the performance analyses of different design alternatives (thermal, structural, acoustics, lighting, etc. analysis) and maintenance analyses (deterioration, resistance to fire, earthquake, etc.) can be executed, but revisions to can also be implemented based on the results [lo] .
The Design Model in Representation and Conaintinication
Architectural design communication takes place between the architect and the engineer, the colleague, the customer, the critic, etc. during the process of design. During this communication they refer to the design model, or rather, to the representations of the design model. The designer seeks ways to communicate about the design through various displays of the design model. We may group the techniques for developing and displaying the design model in two; paper-based and digital media. Within the framework of the aspects of the mental design model as discussed above, let us evaluate both media.
Pupw-6aseLl.MeLlia:
In the long histoiy of architecture, the media used extensively to display the design model have been the paper-based (drawings and mock-ups) and the verbal. However, paper-based media can only represent the design model partially and statically. Because, be it any kind ofdrai\;ingorniock-iip. it reflects thestateof thedesign model The digital media provide a nienioi-y which can hold one or more algorithms and tlie input data, and are capable of applying the algorithm to the data and displaying the result. The tnvial form of this can be seen in the digital measuring devices, whereas the most improved case is the virtual reality environment.
As eveiything which is digitally coded is virtually real, the territory of digital operations is also virtual, corresponding to a range on the vtc. This range on the vtc fornis the virtual work environment for the architect where thedifferent statesofthedesignmodel during various analyses can be simulated (Fig. 2) . The impressions gained from these virtual experiments that substitute the real ones [13] result in various reiisions. The representation of the design model a a digi- Figure 1 . Actual mid Virtual h e Coordinates of the Design Model at a certain point on the arc, and another on the vtc, tlie two points not corresponding to eachother. Such a representation refers to a certain time on the vtc, and the result is a static representation displaying the designmodelat that virtual moment,with limitedamountofinformation relevant to that moment only.
Therefore, in the paper-based representations of architectural design there always occurs a difference, agap between the design model and its representation [7] . The design model in the architect's mind is revised as he thinks, talks, and consults about the design. However, this revision cannot be easily applied to the design presented with the paper-based media, unlike the mental design model.
To illustrate this, let us imagine tlie exterior perspective drawing of a building. The drawing is completed at a certain date by the architect which denotes the actual time coordinate of the drawing. The drawing depicts the building at a certain hour (deteimines theangleandintensity of sunlight to be shed on the building facade) during a certain season whichindicates itsviiual time co0rdinate.h this virtual timecoordinate consists ofone point on the vtc, the information covered by this drawing is limited to that hour in that season and to the materials, colors and proportions shown on that drawing. Although the architect may decide to change the proportions of the windows, it will not be possible to show the revision until a new drawing is prepared. If there will be a question about the view while looking from inside to the outside from one of the windows, the current perspective will not supply the answer, a new drawing will have to be made.
Digital ,Medim The digital media used in architecture include the digital distance measuring devices. stereophotograninietl?! optical digitizing, interactive movie map, 3D
computer model [ll] and -as everything that can be digitized can be simulated [ 121 -all kinds of simulations made by the coniputer and bv the digital camera. tized model then, turns out to be 'dynamic' which can continuously be updated similar to the mental design model.
To illustrate the dynamism of this digitized model, let us go back to our previous example and let us imagine the exterior perspective of the building on the screen of a computer with a high capacity. The perspective, however depicting the facade at a certain hour during a certain season,canquicklybealtered to render thestateofthesame facadeifthe hour or the season or both were to be changed. Furrhermore, changes. like the proponions of the windows, can be tested on the same drawing with ease. And, inquiries about another view taken from inside looking outside or the material properties of the surface cladding can be answered within a S~O K period of time.
Based on the discussions above, we may point out that the paper-based media do not display the following three properties of the mental design model, whereas they are displayed by the digital media:
-dynamic perception of space -performance analyses and -instant adaptation The next step is to test the scales to see whether they can be used to defineall possible means ofarchitectural design. Using the three scales mentioned above a 3D coordinate system is formed, at the center point of which paper-based media like drawings of plan, perspective, elevation, and sections can be placed [9] . Ifwe construct acubein this Cartesianspace, eachveitexcan be used to address one of the means of architectural design Communication (Fig. 4) .
On the cube, the vertices stand for the following; 1 (paper-based drawings), 1 (verbal description), 3 (augmented wire-frame), 4 (video recording of a mock-up), 5 (walkthrough onvideo), 6 (photoreal still picture), 7 
Scules of ,kIeaizs of Architecturul Conznuiiication
These three properties depend on information processing, interactivity and dynamism in time. Although an architectural drawing made by the architect using pen and paper can be loaded aesthetically, it is very limited in providing design information, interactivity and dynamism
PI.
The digitized model in the virtual environment transfers the mental design model to a medium where it can be shared and criticized by people other than the architect; where various analyses can be carried out and the results of both the critics and the analyses can be used to change or improve the design. The medium mentioned here is not the computer screen, but the virtual environment offered by the computer and other digital media [7] .
It may then be argued that a well developed virtual environment is, in fact, a very familiar design environment. If designers have had the possibilities of such an environment instead of the paper-based techniques, today the discussions on the familiarity of the architectural software would not be based on their similarity to the paper-based techniques [ 141. It is a difficult task to introduce a new design environment that requires different methods of handling, both in drafting and design, from those that the architects were accustomed to. Many architects will naturally long for the old techniques if they are faced with difficulties in understanding and manipulating the new emironnient and will complain that the newcomer is not familiar. Therefore, we need a transitional link, a flexible platform to enable the designers to get used to the neK design environment by not adjusting the way they design according to the environment, but vice-versa.
A Definition Model for (3D CAD model), 8 (theactual buildingitselt). Different
states of the architectural simulations in the virtual environment then! can be defined on a line expanding from vertex 1 to vertex 8 [7] .
This space gives the opportunity to address forms of architectural design communication within the dictional17 of the virtual environment. We name this space as the virtual design space (IDS).
The Space of User+Need
The following step is to determine to which address the architect wants to go to in the VDS. To achieve this, we have to indicate the factors that makeup that address, inotherwords, the factors in theuser's domain that determine the context of simulation in the VDS. This context is unique to 4 Interactivity (none to immersive) to real)
Figzc1. e 4, Architectuniul Coiniiiuiliciition as u Cube iii 30 Coordiizute Svsteltz
Architectural Design in the Virtual Design each user and to each performance, because the experience level of each user in using the software may differ as well as the purpose in using the software may differ for the same user at different times. The domain of the possible contexts is fomiedwithin the Cartesian space ofuser+need. This space is consisted of the following factors turned into coordinates.
Space
To construct this transitional link, we need a model to define architecturd design and communication within the boundaries of the virtual
Purpose of Making the Sirnulationl the Design Stage (P)
design environment. We have converted the above indicated factors of rime, interactivity and information processing into the following three scales pig, 3) . ~~f~)~~,~~i~~ process,ng is dete1-mined as the le\,el of The currently employed architectural space simulation software are Seotember 1998 Number 3 oriented in the same manner towards different kinds of needs, i.e. they introduce the same menu for different purposes, to users with different experience levels in using the software.
Architects complain about the aniount of decisions to be given when making a simulation. The problem is not only theamount of time required for making all of these decisions, but the lack of the possibility in making of such precise decisions at the early stages of design. The complaint arises from the fact that the simulation software are programmed toseive in the same manner for different kinds of purposes. As a natural outcome, most of the architectural space simulations are made for the sake of having used the software and reveal little about the architectural quality and stiucture of the space. Then, it turns out to be achallenge as Emmett [ 151 points out, for the architects to go beyond the standard applications and reveal the qualities of the architectural design. Architects can get lost within the large range of menus that can lead them to miss the point in making the simulation. They can end up producing some simulation different from rhe one that was intended to [16] . Consideixions in preparing an architectural space simulation are veiy closely related to those of movieniaking since both record motion. Nevei-cheless, it is not TIME RENDERING ( technology [19] and assert that the freedom can be maintained by downsizing the menus and the options.
Customisation Scale Menu (CSM)
hchens asserts that for a CAD system to gainwide acceptance, it should be based visually and freed from theory, iule and knowledge [ I ] .
As such, the user, independent of the rules, theories and programming knowledge. should be able to indicate hishier aim in using the sofcware and the software must be intelligent enough to custonlize itself according to the user's needs. Within this framework, the custoniization scale menu (CSM) is introduced to enable the user indicate hisher choices before using the architectuial simulation software. The menu is responsible of running the program according to the indications given, thus narrowing down the choices and making some automatically. CSM is the model ofa transformation design which transforms astate in the PAE space (the space of user + need) to a digital aid in the IRT space (the virtual design space). The relationship of the PAE space with the IRT space is shown below.
This relationship is basically the addressing of the equivalent in the I, R, Tspace of a point selected in the P, A, E space. This can be explained with a transformation matiiu. Figure 5 . Scales of ikfeans ofArcl~itectiim1 Cominuiiicatioiz relevant to require architects to be educated in filmmaking just for the sake of making a successful simulation. It is the task of the simulation interface to aid the user with some default assignments and suggestions.
E?cpectations of the Audience (A)
The architectural space simulation is always made for an audience. In some cases the audience may be the architect himherself, in others [he audience may vai-y from a colleague, to a customer, an engineer or a design competition jui-y who all expect to see different aspects of the designed space. Whoever the audience is, architects ti?' to communicate their projects so that the audience perceives it in the same way as the architectdoes.Thisisver)rcrucialbefore theactualconstructionbegins [17] .
Eyperience Level of the User in Using the Software (E)
In spite of the recent additions and revisions to the currently used sofmare. the problems of the "long learning cunle" [ 171 [4] and underdeveloped interfaces [IS] still exist, requiring a long time and effort to learn, be able to manipulate and make the correct selection from the escensive menus. Contradicting the belief that [his freedom can be obtained by increasing the nienus and options, we choose to be on the camp of the ill effects of too many choices when using products of lr"' v* ") This tnnsfoimation from the user's requirements to the vi-cual environment forms the context for the interface, indicating the state of the software to iun at. This state is determined by the intenals on the three scales of I, R and T (Fig. 5) .
The value of I is the determinant of the default value assignments. If the addressed I is between 0 and 1, the default values will be assigned for various menu options; if between 1 and 2, a suggested value will be displayed for the same menu options with the possibility of user's intervention and if between 2 and 3, the user will be handling the assignment of the menu option. For instance. for the sub-nienu item 'camera angle,' where 1=0 will be the case that the camera angle will be determined as x degrees and this item will not be made available to the user. Where I=l, the angle will be set to x degrees with the possibility of user's intenlention. When I=2, the camera angle slot will appear empty for user's input.
Special states of CSM (O,O,O) , (l,l,l) and (2,2,2) determine the extends of the software program. The state of (O,O,O) indicates the use of the software as a paper-based tool, not different from any of the paper-based methods. The state of (l,l,l) indicates the state at which many of the market available software presently run. Finally, the state (2,2,2) indicates a level of immersion in the virtual environment where the user is in control of every facility. To us, the most important states are the interniediate ones: which cannot be realized alone without the CSM. CSM is a menu that indicates the level for the architectural space simulation software to run at, in otherwords, the context for the interface to operate. For instance, a student at the early stages of design may wish to operate at a veiy low interactive level since he/she is not capable of determining most of the values needed to form the simulation. At the low level of interaction. the required values for some of the menu options ( e g illumination level, camera angles, camera moves etc.) will be automatically assigned based on the standard values. Since at the early stages of design, the same user may be satisfied to study the space in the form of a wire-frame model only. And finally, he/she may want to have a nonreal time simulation to be able to spend as much time as possible to comprehend the frames. Within the fixmework of these needs he/she is expected to select the early design stage as the purpose, himherself as the audience and beginner as the experience level on the CSM. Based on these selections CSM assigns standard values for some menu options and highlights others for the user to assign values to and hides some of the menu options which are irrelevant at that purpose of simulation [9] .
.Is such. the user with no prior experience of the application can make use of the default schemes and standard values of camera position, lighting level etc. An architect, at the initial phases of a design problem, may only give the global dimensions of the space and experience the design at different levels of lighting or color schemes. A design firm can display a highly rendered simulation to the client, while they show the same data in a longer and unrendered version to the construction engineers. Moreover, the design firm may produce a series of similar simulations for different designs, allowing comparisons in between 191.
There is one particular problem that needs close attention while workingwith the simulation software. Thevirtual environment is a model. It is indeed, a conglomeration of different models with different scaling factors. The physical building definition, on the other hand, has a dimensional scale, represented in meters, centimeters! feet, inches or even pixels. Rendering models lighting, surface textures, materials, etc. The scale of rendering is a difficult one to define. If dimensional scale is an assumed 'n,' determining the corresponding rendering scale is even more difficult. In other words, ifwe are planning to use red marble in the real building, what color of which virtual material should a virtual model of dimensional scale 'n' show to model the scales correctly?
This problem is further complicatedahen other scales, such as time. are superimposed. If, for example, it takes ten minutes to walk through the actual building, how long should it take to walkthrough a virtual building of dimensional scale 'n'? Would this be in accordance with the rendering scale? There is actually not a known solution to this problem, known as true modeling. CSM can be an intuitive solution in mixing the different scales in one virtual modeling environment.
